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7KH DEQRUPDOLWLHV RI WKH NLGQH\ FDQ EH LGHQWLILHG E\ XOWUDVRXQG LPDJLQJ 7KH NLGQH\PD\ KDYH VWUXFWXUDO DEQRUPDOLWLHV OLNH
NLGQH\VZHOOLQJFKDQJHLQLWVSRVLWLRQDQGDSSHDUDQFH.LGQH\DEQRUPDOLW\PD\DOVRDULVHGXHWRWKHIRUPDWLRQRIVWRQHVF\VWV
FDQFHURXVFHOOVFRQJHQLWDODQRPDOLHVEORFNDJHRIXULQHHWF)RUVXUJLFDORSHUDWLRQVLWLVYHU\LPSRUWDQWWRLGHQWLI\WKHH[DFWDQG
DFFXUDWH ORFDWLRQRIVWRQH LQ WKHNLGQH\7KHXOWUDVRXQGLPDJHVDUHRI ORZFRQWUDVWDQGFRQWDLQVSHFNOHQRLVH7KLVPDNHV WKH
GHWHFWLRQ RI NLGQH\ DEQRUPDOLWLHV UDWKHU FKDOOHQJLQJ WDVN 7KXV SUHSURFHVVLQJ RI XOWUDVRXQG LPDJHV LV FDUULHG RXW WR UHPRYH
VSHFNOH QRLVH ,Q SUHSURFHVVLQJ ILUVW LPDJH UHVWRUDWLRQ LV GRQH WR UHGXFH VSHFNOH QRLVH WKHQ LW LV DSSOLHG WR *DERU ILOWHU IRU















.LGQH\ VWRQHGLVHDVH LVRQHRI WKH ULVNV IRU WKH OLIH LQ WKURXJKRXW WKHZRUOG DQGPDMRULW\SHRSOHZLWK VWRQH
IRUPDWLRQ LQ NLGQH\ LQLWLDOO\ GR QRW QRWLFH LW DV GLVHDVH DQG LW GDPDJHV WKH OLPE RUJDQ VORZO\ 6LQFH NLGQH\
PDOIXQFWLRQLQJ FDQ EH OLIH WKUHDWHQLQJ GLDJQRVLV RI GLVHDVHV LQ WKH HDUOLHU VWDJHV LV FUXFLDO &XUUHQWO\ DYDLODEOH
RSWLRQVLQFOXGH8OWUDVRXQG86LPDJHZKLFKLVRQHRIWKHQRQLQYDVLYHORZFRVWZLGHO\XVHGLPDJLQJWHFKQLTXHV









+,)8 WHFKQLTXH XVHG IRU GHVWUR\LQJ WXPRXUV DQG VWRQHV > @ .9LVZDQDWK DQG 5 *XQDVXQGDUL SURSRVHG
FRQWHQWGHVFULSWLYHRIPXOWLSOHVWRQHGHWHFWLRQXVLQJOHYHOVHWVHJPHQWDWLRQZDYHOHWVSURFHVVLQJIRULGHQWLILFDWLRQRI







ZLWK WKH VWDQGDUGGRVHDQGRI WKHSDWLHQWVSDWLHQWVKDGD VLQJOH VWRQHZKLOH WKH UHVWRI WKHPKDGPXOWLSOH
VWRQHV>@ ,Q RUGHU WR VROYH WKH ORFDO PLQLPD DQG VHJPHQWDWLRQ SUREOHP WKH WKRUG $QGHUVVRQ *XQQDU /DWKHQ
SURSRVHGPRGLILHGJUDGLHQWVHDUFKDQGOHYHOVHWVHJPHQWDWLRQ>@)RU'GHWHFWLRQRINLGQH\VDQGWKHLUSDWKRORJ\
LQ UHDO WLPH WKH (PPDQRXLO 6NRXQDNLV SURSRVHG WHPSODWHV EDVHG WHFKQLTXH ZLWK DFFXUDF\ RI  DQG
DEQRUPDOLWLHV LQNLGQH\VDWDQDFFXUDF\RI>@)RUVKDUSHQLQJDQGVPRRWKHQLQJRI' LPDJH WKH*DERU
IXQFWLRQLVXVHGWRDFKLHYHRSWLPDOERWKLQWLPHDQGIUHTXHQF\UHVROXWLRQ>@;LQMLDQ&KHQSURSRVHGILQLWHHOHPHQW
PHWKRGEDVHG'WXPRUJURZWKSUHGLFWLRQXVLQJORQJLWXGLQDONLGQH\WXPRULPDJHV>@)RUFDOFXODWLRQDQGGHSWK
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2. Problem Statement 
7KHNLGQH\PDOIXQFWLRQLQJFDQEHOLIHWKUHDWHQLQJWKXVGHWHFWLRQRINLGQH\VWRQHLQWKHHDUOLHUVWDJHVLVFUXFLDO
,Q RUGHU WR FDUU\ RXW VXUJLFDO RSHUDWLRQ WR UHPRYH NLGQH\ VWRQH LW LV LPSRUWDQW WR ORFDWH WKH NLGQH\ VWRQH 7KH
XOWUDVRXQG LPDJHV RI NLGQH\ FRQWDLQ VSHFNOH QRLVH DQG DUH RI ORZ FRQWUDVWZKLFKPDNHV WKH GHWHFWLRQRI NLGQH\
DEQRUPDOLWLHV LV D FKDOOHQJLQJ WDVN $VD UHVXOW WKHGRFWRUVPD\KDYHSUREOHP LV WR LGHQWLI\LQJ WKH VPDOONLGQH\
VWRQHVDQG WKHLU W\SHSURSHUO\7RDGGUHVV WKLV LVVXHDPRGLILHGOHYHOVHWVHJPHQWDWLRQ WR LGHQWLI\ ORFDWLRQRI WKH
VWRQHOLIWLQJVFKHPH:DYHOHWVVXEEDQGVWRH[WUDFWWKHHQHUJ\OHYHOVRIWKHVWRQHDQG0/3%3$11DOJRULWKPVIRU
FODVVLILFDWLRQLVSURSRVHGDQGDQDO\]HG>@
3. Methodology     Counter (2^14) - 14 bit
















7KH  86 NLGQH\ LPDJHV RI ERWK QRUPDO DQG DEQRUPDO NLGQH\ DUH FROOHFWHG IURP GLIIHUHQW KRVSLWDOV RI
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,PDJH5HVWRUDWLRQ
7KHYHU\SXUSRVHRI LPDJHUHVWRUDWLRQ LV WRUHGXFH WKHGHJUDGDWLRQV WKDWDUHFDXVHGGXULQJDFTXLVLWLRQRI86

























WHUPV HJ VPRRWKLQJ FRQVWUDLQWV 7KHVH DUH VLPSOH EXW HIIHFWLYHPRGLILFDWLRQV RI WKH EDVLFPHWKRG DUH GLUHFWO\
FRPSDWLEOHZLWKDQ\W\SHRIOHYHOVHWLPSOHPHQWDWLRQ7KHILUVWSURSRVHGPHWKRGLVEDVHGRQDPRGLILFDWLRQZKLFK
HVVHQWLDOO\ DGGV DPRPHQWXP WR WKHPRWLRQ LQ VROXWLRQ VSDFH > @ 7KLV VLPXODWHV WKH SK\VLFDO SURSHUWLHV RI
PRPHQWXPDQGRIWHQDOORZVWKHVHDUFKWRGLVUHJDUGORFDORSWLPDDQGWDNHODUJHUVWHSVLQSRVLWLYHGLUHFWLRQV,QRUGHU





YHFWRUDFFRUGLQJWR  ZDIZD OOO 
:KHUHȘLVWKHOHDUQLQJUDWHDQGȦ >@LVWKHPRPHQWXP1RWHWKDWZ JLYHVVWDQGDUGJUDGLHQWGHVFHQWaO 
íȘ IOZKLOHZ JLYHV³LQILQLWHPRPHQWXP´aO aO

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7KHVHJPHQWDWLRQSUREOHPVFDQEHDSSURDFKHGE\XVLQJ WKHFDOFXOXVRIYDULDWLRQVZKHUHHQHUJ\ IXQFWLRQV LV


































5. Lifting Scheme Wavelets Processing
7KH VHJPHQWHG LPDJH RQO\ VWRQH ZKLFK KDV JRW IURP SUHYLRXV EORFN LV DSSOLHG WR OLIWLQJ VFKHPHZDYHOHW
SURFHVVLQJEORFN,WFRQVLVWVRI  'DXEHFKLHVILOWHU'E6\POHWVILOWHUV\PDQG%LRUWKRJRQDOILOWHUELR




ZDYHOHWV LVXVHG%LRUWKRJRQDO ILOWHU ELRELR	ELR ILOWHU¶VZDYHOHW HQHUJ\ VLJQDWXUHVZHUH FRQVLGHUHG
DQG DYHUDJHV RI KRUL]RQWDO DQG YHUWLFDO FRHIILFLHQWV GHWDLOV ZHUH FDOFXODWHG )LJ VKRZV HDFK ILOWHU ZLOO JLYH
GLIIHUHQW HQHUJ\ OHYHOV RU HQHUJ\ IHDWXUHV7KHVH HQHUJ\ IHDWXUHVZLOO VKRZ VLJQLILFDQW GLIIHUHQFH LI WKHUH LV DQ\
VWRQHSUHVHQWLQWKHSDUWLFXODUUHJLRQRUORFDWLRQ7KHLGHQWLILFDWLRQRIW\SHRIVWRQHLVGHVFULEHGLQQH[WVHFWLRQ
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DQG PXOWLSOLHG ZLWK LQLWLDO ZHLJKWV DV LQ HTXDWLRQ  7KH EDFN SURSDJDWLRQ LV PRGLILHG YHUVLRQ RI OLQHDU
SHUFHSWURQLQZKLFKLWXVHVWKUHHRUPRUHKLGGHQOD\HUVZLWKQRQOLQHDUDFWLYDWLRQIXQFWLRQ7KHEDFNSURSDJDWLRQLV
WKHPRVWZLGHO\ DSSOLHG OHDUQLQJ DOJRULWKP IRUPXOWLOD\HU SHUFHSWURQ LQ QHXUDO QHWZRUNV DQG LW HPSOR\VJUDGLHQW
GHVFHQWWRPLQLPL]HWKHVTXDUHGHUURUEHWZHHQWKHQHWZRUNRXWSXWYDOXHDQGGHVLUHGRXWSXWYDOXHDVLQHTXDWLRQ
7KHVH HUURU VLJQDOV DUH XVHG WR FDOFXODWH WKH ZHLJKW XSGDWHV ZKLFK UHSUHVHQW SRZHU RI NQRZOHGJH OHDUQW LQ WKH
QHWZRUN >@ 0XOWLOD\HU 3HUFHSWURQ ZLWK %DFN 3URSDJDWLRQ 0/3%3 DUH WKH PDLQ DOJRULWKPV %DVHG RQ WKH
























WR WKH LQSXW OD\HUDQGSURSDJDWH WKHVLJQDOIRUZDUG WKURXJKWKHQHWZRUNXQWLO WKHILQDO
RXWSXWV M

















V\QDSWLF ZHLJKW FRQWDLQHG LQ WKH FXUUHQW QHXURQ:LML FXUUHQW QHXURQ¶V ELDV ZHLJKW M
O
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:LM O / LV WKH XSGDWHG V\QDSWLF ZHLJKWV WR EH XVHG LQ WKH QH[W IHHG IRUZDUG LWHUDWLRQ 7KH )LJ VKRZ WKH
FRPSOHWHF\FOHRISHULRGLQQHXUDOQHWZRUNVWUDLQLQJWKHWHUPSHULRGLVXVHGWRGHVFULEHDFRPSOHWHSDVVWKURXJKDOO
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RIWKHWUDLQLQJSDWWHUQV7KHZHLJKW LQWKHQHXUDOQHWPD\EHXSGDWHGDIWHUHDFKSDWWHUQ LVSUHVHQWHG WRWKHQHWRU
WKH\PD\EHXSGDWHGMXVWRQFHDWWKHHQGRIWKHSHULRG

7. Implementation and Results    
7KH LPSOHPHQWDWLRQ LV GRQH XVLQJ9HULORJ RQ9HUWH[3UR )3*$ DQG VLPXODWLRQ UHVXOWV RQ0DWODE $ 7KH
*UDSKLFDO8VHU,QWHUIDFH*8,LVFUHDWHGIURPPDWODE$YHUVLRQDQGDVVKRZQLQWKH)LJ)URPWKHGDWDEDVH
RI WKH86 NLGQH\ LPDJHV RQH NLGQH\ LPDJH LV ORDGHG WKURXJK WKH*8, 7KH ORDGHG LPDJH SUHSURFHVVHG DQG LV
VKRZQLQWKH*8,7KHLPDJHVHJPHQWDWLRQRSWLRQJLYHQLQWKH*8,LVVHOHFWHGQH[W WRJHWVHJPHQWHGLPDJH7KH
VHJPHQWHGLPDJHLVDSSOLHGIRU:DYHOHWSURFHVVLQJE\VHOHFWLQJRQHRIWKHOLIWLQJZDYHOHWILOWHUVVKRZQLQWKH*8,
$IWHU VHOHFWLQJ WKHSDUWLFXODU ILOWHU WKDWSDUWLFXODUZDYHOHW FRGHZLOO EH LQYRNHG WRJHW UHVXOWDQW LPDJH7KHQ WKH




KRZPDQ\RI WKHPDUHQRUPDODQGDEQRUPDO 'XULQJ WKH WHVW LW LV IRXQG WKDWRXU V\VWHPFDQFODVVLI\ WKHNLGQH\




7DEOHVKRZVWKHOLVWVRIHQHUJ\OHYHOVH[WUDFWHGIURPVHJPHQWHGLPDJH7KLV WDEOHLV WKHHQODUJHGYHUVLRQRI WKH
WDEOHVKRZQLQWKH*8,7KHURZVRIWKHWDEOHDUHLQGLYLGXDOHQHUJ\OHYHORIHDFKNLGQH\LPDJHVRIGDWDEDVH7KH
&ROXPQVRIWKHWDEOHVKRZVHQHUJ\OHYHOH[WUDFWHGIURPWKHLPDJHVRIGDWDEDVHZLWKUHVSHFWWRHDFKZDYHOHWILOWHU
)LUVW WZR FROXPQV DUH FRUUHVSRQGLQJ WR 'DXEHFKLHV ILOWHU WKH WKLUG DQG IRXUWK FROXPQV DUH FRUUHVSRQGLQJ WR
V\POHWV7KHILIWKVL[WKDQGVHYHQWKFROXPQVDUHFRUUHVSRQGLQJWR%LRUWKRJRQDOILOWHU%LR7KHHLJKWKQLQWK






























































8. Conclusion and Future Work
7KHSURSRVHGZRUN LV LPSOHPHQWHGRQ9HUWH[3UR)3*$XVLQJ OHYHOVHW VHJPHQWDWLRQZLWKPRPHQWXPDQG
UHVLOLHQWSURSDJDWLRQDQGJLYHVDYHU\HIIHFWLYHLQLGHQWLI\LQJWKHUHJLRQRIVWRQHVLQWKH86NLGQH\LPDJHZLWKYHU\
OHVVXWLOL]DWLRQRIUHVRXUFHV7KHHQHUJ\OHYHOVH[WUDFWHGIURPWKHOLIWLQJVFKHPHZDYHOHWVXEEDQGVLH'DXEHFKLHV
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0.0148 9.2528e-04 0.0148 9.2528e-04 0.0298 8.8080e-04 0.0017 0.0214 5.8155e-04 0.0015 0.0163 0.0011 4.8485e-04
0.0045 2.3998e-04 0.0045 2.3998e-04 0.0080 3.3799e-04 6.2947e-04 0.0069 2.5098e-04 5.5864e-04 0.0065 4.1366e-04 2.1907e-04
0.0169 0.0011 0.0169 0.0011 0.0336 5.8337e-04 0.0016 0.0241 3.8469e-04 0.0016 0.0182 8.5080e-04 3.4381e-04
0.0056 8.0388e-05 0.0056 8.0388e-05 0.0106 1.5185e-04 2.4317e-04 0.0115 9.1844e-05 1.8853e-04 0.0139 6.2159e-04 7.8351e-05
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GLIIHUHQFH LQ WKHHQHUJ\ OHYHOVFRPSDUHG WR WKDWRIQRUPDONLGQH\ LPDJH LI WKHUH LVVWRQH7KH$11WUDLQHGZLWK
QRUPDO NLGQH\ LPDJH DQG FODVVLILHG LPDJH LQSXW LQWRQRUPDO RU DEQRUPDO E\ FRQVLGHULQJ H[WUDFWHG HQHUJ\ OHYHOV
IURP ZDYHOHWV ILOWHUV 7KH V\VWHP LV WHVWHG ZLWK GLIIHUHQW NLGQH\ LPDJHV IURP GDWDEDVH DQG KDV FODVVLILHG
VXFFHVVIXOO\ ZLWK WKH DFFXUDF\ RI  6R WKLV V\VWHP FDQ EH UHDGLO\ XVHG LQ WKH KRVSLWDOV IRU GHWHFWLQJ
DEQRUPDOLW\ RI LQGLYLGXDOV 86 NLGQH\ LPDJH 7KXV LQ WKLV ZRUN LW LV SURYHG WKDW WKH FRPELQDWLRQ OHYHO VHW
VHJPHQWDWLRQOLIWLQJVFKHPHZDYHOHWILOWHUVPXOWLOD\HU3HUFHSWURQZLWKEDFNSURSDJDWLRQWKHEHWWHUDSSURDFKIRUWKH












>@ 1RULKLUR .RL]XPL ³5REXVW .LGQH\ 6WRQH 7UDFNLQJ IRU D 1RQLQYDVLYH 8OWUDVRXQG 7KHUDJQRVWLF 6\VWHP ±6HUYRLQJ
3HUIRUPDQFH DQG 6DIHW\ (QKDQFHPHQW´  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 5RERWLFV DQG $XWRPDWLRQ 6KDQJKDL
,QWHUQDWLRQDO&RQIHUHQFH&HQWHU0D\6KDQJKDL&KLQD
>@ .9LVZDQDWK DQG 5 *XQDVXQGDUL ³.LGQH\ VWRQH GHWHFWLRQ IURP XOWUDVRXQG LPDJHV E\ /HYHO 6HW 6HJPHQWDWLRQ  DQG
PXOWLOD\HU SHUFHSWURQ $11´  (OVHYLHU SXEOLVKHU 3URFHHGLQJV RI WKH LQWHUQDWLRQDO &RQIHUHQFH RQ &RPPXQLFDWLRQ DQG
&RPXWLQJ,0&,(7,&&(SS,6%1
>@ 62VKHU DQG -$6HWKLDQ ³)URQWVSURSDJDWLQJZLWK FXUYDWXUHGHSHQGHQW VSHHG$OJRULWKPVEDVHGRQ+DPLOWRQ± -DFREL
IRUPXODWLRQV´-&RPSXW3K\VYROQRSS±1RY


















>@ %HUQKDUG +HVV ³0HWDEROLF V\QGURPH REHVLW\ DQG NLGQH\ VWRQH´ ;  $UDE $VVRFLDWLRQ RI 8URORJ
3URGXFWLRQDQGKRVWLQJE\(OVHYLHU%9
>@ +\XQ:RRN 3DUN 7RGG 6FKRHSIOLQ ³$FWLYH &RQWRXU PRGHO ZLWK JUDGLHQW GLUHFWLRQDO LQIRUPDWLRQ 'LUHFWLRQDO 6QDNH´
,(((7UDQVDFWLRQVRQFLUFXLWVDQGV\VWHPVIRUYLGHRWHFKQRORJ\9RO1R)HEUXDU\
>@ 0D[:./DZDQG$OEHUW&6&KXQJ ³6HJPHQWDWLRQRI ,QWUDFUDQLDO9HVVHO DQGDQHXU\VPV LQSKDVHFRQWUDVWPDJQHWLF
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>@ .RXVKDO .XPDU ³$UWLILFLDO QHXUDO QHWZRUN IRU GLDJQRVLV RI NLGQH\ VWRQH GLVHDVH´ ,- ,QIRUPDWLRQ 7HFKQRORJ\ DQG
&RPSXWHU6FLHQFH













>@ 357DPLOVHOYL ³&RPSXWHU DLGHG GLDJQRVLV V\VWHP IRU VWRQH GHWHFWLRQ DQG HDUO\ GHWHFWLRQ RINLGQH\ VWRQHV´ -RXUQDO RI
&RPSXWHU6FLHQFH,661
>@ .9LVZDQDWKDQG5*XQDVXQGDUL³'HVLJQDQGDQDO\VLVSHUIRUPDQFHRI.LGQH\6WRQH'HWHFWLRQIURP8OWUDVRXQG,PDJHE\
/HYHO 6HW 6HJPHQWDWLRQ DQG $11 &ODVVLILFDWLRQ ³ ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV LQ &RPSXWLQJ
&RPPXQLFDWLRQVDQG,QIRUPDWLFV,&$&&,,(((33
